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Some Suggeshons tor Teachmg

ﬁ To gain msxght into the subpect of balancx_

“children need time to explore many arrange- *

“ments with the basic equipment, They should |
- develop a “feel” for when things will and’
o won't ba]ance and-an idea ofithe kmd of
ff work they ¢an do with the basic materials.*

" You serve as a source 0 gu1dance and s sup-*

: port-when chlldren ‘begin o draw conclusxons ‘
and make, generahzatmns and predlcttons -

from hEII' on observahons

* *Children who have been exposed to the activities in the
 Elementary Science Study unit THE BALANCE. BOOK have
been given'a chance to work with large balancing equxp-
ment, with pan balances, and with some of the same .
.- type of equipment used here, and have developed 2
" sense of wheh things will balance. THE BALANCE 800K
and Materials for PRIMARY BALANCING are available from
" the Webster Division of McGraw-Hill Book Company,
Manchester Road, Manchester, Mlssoun 83011,

o,

: 6.'/ Intro‘dij’ctio'n

IText Providad by ERIC.
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* supplied or one she'has desigfn'ed. -

There is no one preferred way to teach this

unit, There have begn succegsful classrooms .+ -
 in which the teacher has merely set aside a

table of balancmg equipment. She will per- .

 haps, ask amoccasional question, add anew.
bit of equlpment +Or suggest a new problem
~or a new approach to an old problem by -,

giving the children one of the Problem Cards™ - -
-

*Problem Cards for Senior Balaﬁcihg to go with this it

are available from the Webster Division of McGraw-Hill
Book Company See page 21 for a descnpnon v
»



O

ERIC

Aruitoxt provided by Eic:

SENIOR BALANCING has also been done by
an entire class, at specified times and with
specific activities and problerps planned for .
each session. Satxsfactory results can be
achieved this way, too. Between these ex-
tremes lies a range of other possxble ways to
present this material. :

One child’s’ work may ‘lead the actxvxtxes of '

the class in a new direction, possibly only
vaguely related to.the subject at hand. These
classes . will often prove to be among thé most

exciting and valuable to you as well as to the -

children.. (For an account of a _class that dts-
covered an mterestmg sxdetrack,,see Appendxx

~A)
Naturally, you will select the style that suits -

your'own objectives and personality, and
you will probably alter your approach a little

__b]t each time you ‘use this material. -

On the first trial, most teachers are working
through this material along with the chil-

. dren and/need some guidelines to follow.

> Begmnmg Activities” attempts to provide
such a path through the material. In subse- .
quent years, you should not need: to follow
‘the suggestions so closely.

The teaching pattern described here suggests :
" ‘a-sequence for distributing the various items

of equipment and also provides you with
Some notes.on the types of activities that can

,be expected to* occur at each stage of the
~ game. -

Under ”Background for Contmumg Investi-
gations,” you will find discussions of specific

, topics that you will want to explore on your

own. You can work through these sections
in any order, selecting those that are pertinent.

. advisable.

,Ages

' the primary gr

’

Scheduling o

If the class works as a whole, you can
spend as few as ten class periods or as many ~

‘. as thirty on balancing. Teachers have found -

it best to allot two or three periods a week, 3

—each period of at least forty-fivg minutes, to .

thié work. On some days the children’s inter-
_est may keep them working longer at balanc-
ing; on other daysﬂshorter period may be IR

- Of c0urse if the children work at SENIOR S

" BALANCING individually or in a small grOup, ..
.

you can set.aside time and space for this
as you do for other activities. Approached in -

' thxs way, as an elective activity, the unit can

ntinue throughOut the school year. PR
# You may find, too, that the balangng . T
equrpment/wrll be called for time and agam ’

. as the children feel the need for.it in- connec— - ,y '
" tion with their other studxes C o ke

RN i v . ¢ I . T

. .
Fe -

Thxs unit has been used successfully with
children in grades three through eight; the
majority of trial classes have heen in grades
five and six. Children of any age tend to do
the same sort ef simple work with the balance -
equrpment in the beginning. For children o
who have already,done balancing work in
f€s, this unit provides a con:..".
tinuation, engbling them to explore balancmg

in more anglytic and mathematrcal ways.
x

feat,
<
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/ | bdncig rndrvrduall‘y abtimes of their

Usmg he mat erzals :,However you choose 0
teach SENIOR BALANCING you will need-one
Teachersl(r In addrhon oneéSuden l(r,;.
will suffice if children' are to work on -

. own' choosrng
workrng on balancrng at one time, order-
eproughé Studen Kits to supply each child”
swith his own basic equrpment You will also
 need one set.of Problem Cards for Senior
Balancing. ‘
When the whole las is workirg together,
itis helpful to have availdble individual

- containers, such as plastic freezer containers .

- ot heavy plastic bags, in-which each child . ¥

carf store his washers and paper clips. Some

 teachers have found ¥ helpful to, deaden the

rlprse of dropped washers by providing chil-
dren-with newspaper or place mats to work
on. Worlnng directly on the floor also reduces
clatter. :

- Manyteachers have found it help flto -

" provide a package or-two of wire shower @
- curtain rings. The.children use these rigs \ |

when they wish to hang large numbers of

| washers on-the board wrthoul dropprrrg thent.

Children like to fashion herr own balanc-
ing equipment also, usrng malerrarls from [
.+ regular school supplies or items brgught frh
home. (See Appendrx B for suggeshons for

balances chrldren c@n easrly build.)

h‘ ) ' ! \‘ .
- . ' "
A ' Lo R
. 1 5
» '. t S .
N :
A)
‘pr ' X
‘ oo C
s> "
Voo @ ..'
] B W
o
- ol
: &

f the-whole dlass will be L

3 gy

it is woxt

aa TR I

_?Two rua jS b sel uprze board For later work, ?
each chrld gels a wooden fulcrum withia
curved op hal is coateclw ith:sand. This
o makes it possrble tojuse the pegboard botii
s flal balance beam, with. the washiers on .
- top of it, and 52 hangrng beam from whrch
the washets are suspended by paper clrps
S Some chrldren develop aslrong preference |
for one lrer olbalancrng over the other, but ” KRN
porntrng out that mos preblems i

BT l,

¥ r suggesl fo a child who is havrng ouble Wrth

kO
l'l‘ er,

5 \
e beldone both ways andn rlse ul

, aproblem lhat he shift er l‘ne hangrng
board tp the flat board L /_
Vo §
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For niost work the board is hung on lhe

 stind and the washers are suspended from

1tbypaper dlip hoolcs In thrs case, there i © .

, 10 question about which hole the wisher
weight is placed at, and the washers stay.

where they're put. Even when lhe'board ise -

'} - very heavy Wrth washers,” lhey won't fall A

and, with the board hung on the st and it is 9
easy to'see how much the lpoard i§ 4 1lled
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Some of the dragrams show a board on the -
block fulerurm There are advantages to using

LI ' ‘A

l L]

o the board flat in some sitdations, in addrtronl

to the contrast it provides. ith the-board

" hung on the nail fulcrum, For example you

3 | " can easily plage a washer halfway between
two holes. To'do this on the hangrng board "
©ental ls puthng the paperclips over, the Jop:

; ofylhe board or hanging a washer on two clrps
o suspend@ad]acentholes B

p0o00000d
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75 |
lt can also be usgd w1th smallwblocks and- /

R other kinds o fweights that can't be hung
| romclrps . .

'The flat board does however have several

h disadvantages. (For ths reason it is suggested

"‘S

that the sandpaber block be-eft out 0 lhe

puprlséboxes for the first few sessions.) For”

*one thrng, the board isreasily tited so that

 oneend touches the table top, which makes

< needed-to ‘ackieve balance. For anbther, the

&
¢
.

"

: ]l) / \lmro‘ductlon -

it difficult to sgehow. much Mjustmentjs

washers tepd to shift (especially if orie end

:of the board hits the table top), furthercwm

plrca mg attempts to alance the board.

F
3 . r’
\.' )
R { ; ‘ LY

5,

. The fla board is also useful when you want
" fo slide the weights gradually along the board

. until you find their proper position, or w&hen .
" youwant.do shift washers by a series of* +
f~.svmmetncal motes a5 on pages 23 through o

£
§ o

llsmg the double ize bonrd The double sizer ¥

 board'is useful when chifdien wish fo.-
demonstrate a problem for fhe rest of th.e

« * class. Some teachers. hav%’put a.cup hook or”

Y

narbrrlto the wall near the chalkboard, soﬁhat

Othe s Hang the double-size:beard from 3
stiident balance stand placed on a high table™

: om\prle of books so that everyone'can see
- what is going on. The’ ll“l tape may be used
. along the bottom edge to-make the board -
- stand out agarnst a'dark background and can

 also beused for rumbering.
Occasronally, teachers have used this

o ». board to pose'a problem, but it should not be

L
[

the b?ard is easrly seen during a discussion.

consrdered prrmarrlya teachers tool Experr o
* ence has shown that chlldren come 6 unger-

stand concepts better when they themselves
work through the ideds. , ,

" Trying problems with this board grves
children experience usrnga ard of a differ
en length. They.may not se thrst that =
the length of the bBard is ummpor otgand
they-fay need this opgortunrty to ga@ o
perspectrve The half-length-and quarl
 length stips in the Teacher's kit can be used

as short balance boards. .+,
Since the tilt of the double size board is

3 easy to record on'the chalkboard; this equrp

ment-may be useful when the children are

N¢ rnvestrgatlng sensrtrvrty and the effect of one.

paper clip. The regular longth boards aan.
also be used for comparison.

» K
B A

Ve
;

Other materials - ltetns which you can obtain

.easily are not ingluded among the materials |
" supplied. Modelrng clay is used in many

~ activities, because itcan-be easrly shaped, a,
© molded; andqnscnbed with pencil:markings -

and numbers Where it i§'not available,
,teaclgers have Substrtuted materrals such 3
gum erasers or lengths "of string or wire,

In some classes, small blocks have been’

' used on, the flat Beam, and the Shildren may

suggest tryrng sugar cubes,sdomrnoes Atth

- hute Blogks', or Cursenarge ro,

Stme cards, wilk requirt sp’ecral materials, "

I, which’ you or the chrldr;en canprovrde

é; .A Q‘. '1’\ M

S'Avarlable frdhd theWebster-Drvrsronol McGraw blrll o
; BookCompany N






 These photographs were taken during|the -

" carly stages of SENIOR BALANCING classes.

" They give a flavor of the varied activitie$
children sample with the balancing equjp- -
ment. Later, children may pufsue some of

these activities in greater depth.

o
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ERTY Begnning Actlvlﬁes: .




As you look arour
children involved in

- following;
. Symmetrical arrangen
' washer on one side-
on the other side in
continuing to add w
each side. The boarc

- somethirng like this:

:
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oom, you may find
ms such as the

h’énginé'a singlé'
en a single washer

rrespondmg place; - .

in pairs, one on_
t end up looking

This sort of afrangement can be turned

‘around into a problem: Can you add.

washers to this board to make one side .
the mirror image of the other? Don't move

* the washers already there.

+

How about this arrangement?

t v
A

st
. @,
L .,
. L

‘Moving away from: symmetrical arangements +

to other ways of balancmg the board.
Problem: =~

- Can you make the board baiance by addmg ,
- two. washers on the same paper clip? -

kY

 This perhafus leads on to baldnicing one

washer with two.

>

-

(T hese problems are discussed in “Predlctmg,
p. 23.) Many.children balance washets with
long chains of paper clips. '

- Problem:

Will a chain of six: washers balance six
washers hung ori one paper clip? (What

.- about the extra paper clips?)

.
" 'Beginning Activities /13 .

o

2%{'

1
’1_ -



Problem: : . -

will washer hung at the bottom of a
paper-clip chain have the same effect as
onte hung at the top? :

Problem: o o p
Where ¢an you.put six washers on one =
paper clip to balance a_'%%in\o:ix washers? ‘ N

‘

-+ 14 / Beginning Activlﬂe; R T

O
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- ‘Balancing the board whenthe nail is off-center?i' :
a few washers out on the long side will bal-
‘ance a great many on the short s;de, an
. intriguing situation. = .

_ Problem: - \ s
If the board is supporsted near one end,
how many. washers w1]I be needed‘%ﬁo make

_. I . ' it level?

O

ERIC

Aruitoxt provided by Eic:



 Using the board to weigh the washers—one

girl did this: Usmg the pegboayd as an equal-

arm balance, she hung a smgle washer ori 2

. paper clip from the end hole-on one side and
* kept adding paper clips to the end hole on the

*other side until the boardwas balanced. It

took 33 paper clips. She announged that the

* washer weighed the same as 32 paper clips.

@ [ | | 1 | 1 I/
: - | Q A
. E
‘ . \
(See ”Weighing”p 30 )
!
,‘ i I\‘l '
ERIC N '

When can the.board "feel” small differenceé_ n -
weight? One stucent announced at the end
of the first class that when there were no

washers on'the board, on&paper clip made it -
"tilt alot; after he had hung many washers on
it, one paperclip didn't have any effect, He

found this out in the course of balancing the

""board by itself while he was trying out the
';equlpment for the first time. Childrep often
want to investigate this sort of thmg‘more o
- carefully Jatér on. '

. Problem:
“What's the hghtest thing you can welgh )\

~ with the board? * K

Problem:

" What dlfference does it make when you puf

the-nail in.the middle-row center hole in-
stead of the top-row center hole?

(See page. 37 arcl following pages) . - -

5 o fl“"‘a-'.

A
Cal

| SomeUsefulProblems' B

-~ With two on separhte’ yaper clips:

The prewous secton md cated tl@wuﬁe
variety of problems that children elect o
" tackle at the Yery begmmng of their work

" with the balances, -
Here are some additional door-_opener.

problems. -

1 Hang one wasliter somewhere on the
board, How many ways cah‘you find to

balance it? Here are some of the poss;bxhtles |

|

Wzth one washer

Lh

—

T@ g

With fwo oh\one‘_ pap'er clip:

TS
T

i

 Beginning Activiies / 15



~ With three washers: A R }J_ Lo ZStart w1th two washers balancmg two
o | R - wishers (thlsproblemmaybe done more
—TT - S @ -1 easily with the board flat on the fulcrum):
?ﬁ )i TNy L
. SIS B
. - ’ N D '
J Jk . / R B

. Spread out one pai, leaving the other pair

- @ ™ where it was. Find several positions f.orvthe :
| - spread-out pair, and then reverse the proce-
dure, piling the pair up again. .

Many children thmk about these eupsin
terms of fractlons “The smgle wa her isa

thind as many.as the group of thice, and the - 3 pqg washers foan already balanced off-
 three goath1rd as ar out” center board. : .

Coa

1 i | | | | 1 ]

S Where can you add two washers keep it

. S B ‘balanced? Children who have not yet tried
N ©o .. working with off-center boards may find that
R S . their first guess—"at the ends"'leaves them
L . puzled, and this starts them thinking about
' offcenter balancing in a way that will get L
, them going on a worthwhile path. R

| et
o ‘ . : v b ks + .
T PR A .
o . . N o .
. 1y . gy o
L " (RN e
( N (“

4 Can you make a lump of modelirg clay that | ,
will weigh half a washer? Some children enjoy +
. working with clay, and they may go,on to'

make a whole series of lumps that are frac:
tions of a washer in weight. The clay can be

: molded around a paper clip, and its value 2
(such as “1/2 washer”) scratched on it w1th

2 pencrl pom

* Does changing the shape of.a‘clay weight. s

affect the balance of the board?

o lzese problems are merely“a selection. You

devise others as they are needed. It is

" not intended that every child do every one. -
| Some will have gone beyond them, and some
~"will not be regdy for them. A key problem

can be a question which has stumped a child -
or a puzzling part of balancing that you feel

could be worked out by asingle Chlld or by
the group :



L)

Troubleshootmg ~When the Board or lhe '

' Student Doesn’t Work

| There are times ‘when the board'seems to
- balance and you think it shouldn't o when
it doesn't balance and you think it should.

- Encouraging the student to go.ahead and find.
* the trobble may be worthwhile for him, yet it
 helpsito know what's wrongyourself. Here is E

 alistof typical mechanica gifficulties; *

-\ Friction— Are the washers hltnng or scrap-
3 mg against somethmg? Friction can ke§p the
board from swinging freely.

Fulerum or Washer PositionéAre the .
*fulcrugm and washers positioned where the
* chilhthinks they are? (He may havi counted
wrong.) If not, all predlcnons wﬂl goawty.

Unequal Welghts ~Are washers of the same

apparent size the same weight? Try jnter-
changing: two ‘washers from opposite sides

~of the fulcrum. 1f this changes the balance, - |

-~ one.of the washers may be off-weight.

M Uneven Board~Dioes the bord balance
 at its mid-point without any weights attached?

Sometimes one-end of a board is heawer’than
the other; B

" Also ‘see the sectlon "Whats Balancmg

~ What?" on page 27 for a discussion of ways
‘o analyze arrangements that are not balanced

vy

“?n‘ilf

Far more frustratmg than an equlprnent
difficulty can be a bored and non- parncxpatmg

. student. It does no good to force a student to
 work with balanging if he is dead set against

it, but students often become temptedsby one

. or another of the activities and thus begin to

explore further work with the balance.

The cards may act.as 2 snmulant to: get a
student working, For some chlldren part
nership with a student who is already -

 intrigued works. | |
. .. u . '
o . | . . :“ ; v
! . \
SET
o
vd "‘
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- Descriptions -

. and balances,

Al
v

During their early explorations with a

* balance, students often try a great variety of

activities. Once they have gained a basic. -
familiarity with a balance, they can go. back

,- o asituation, stich as _balancmg an off-center -
* board or weighing light obfects, and look at
* it more carefully. In the process, they.must

refine their tools of analysis, The following o
sections discuss numbering the board and

- ways of describing  balance situation in |
 drawings, words, or numbers. With these
. skilts, children can look at situations such
s weighing, predlcnng, and off-center
 boards with greater care. These closer loo

can lead to a better understanding of balance

' Beglnnlng Actlvltles -



Drawings  There are many ways tg draw a
balance board Here are five -+ -

onao-oJ-JuqaJaq'o;;»'coa:n'ooaooooaoaaoo
A CPeD00000200000000000038000030000
20223000309 0,00000080009.0000093000

.I\r ! °

000000220 00:000000000p000000000000

~The last shows, the board ﬂat ont he sand
paper fulcrum.

The last two drawmgs are the type used
throughou thls Gmde

- Children use many styles in the1r drawmgs,

~

R

IS

s
S
=Y

and you should encourage originality rather o

* than conformity. Some children will need a.
bit more help, however, Dot diagrams, such.

.as those following, can easily be typed ontgl .
b

" a ditto master and then duplicated for class ‘5:{,‘.‘ .

" use. Althouigh this does not encourage ori- -
ginality,.it does help children to record - »
. balancing sxtuatlplns.qulckly and accqrately.

1p / gegihlﬁing‘Ae_tlyitles |
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. l/lurd o numberdescr:p jors Another way ol‘.‘ I BT "‘{'5‘l\ll1mbeririglllé Board: - ¢ ..
'recordmg balancmgdlscovenes is bymeans S S | ,‘ S L
_ of word and number descrlptlons Badlyin - N I : After about §ix or seven sesmons when the
the game achild mlght descnbe hlS board I Rl dassis begmmng to getafeelmg for the. -
L O . \numerical relations involved in balancmg, and
| * 5 r ."‘"..‘ L N - ;'j’, e children are getting tired of counting
| o @ CT é I ' 5 o holes, the 1/4" tape't:an be made ava1 able
O a& . o ST A tofamlltate puttmg ident xfymgmarksm |
g (J S e o e numbérs on the board. CA -’.‘1'3,
A | A ‘Children: typi cally dev1se many waysof
I s numbermgtheboard sich as: ‘l\.l

. . ’ E ll'i , con 1, ‘

b ',~ rl fe ,“., M : 3, . .v, ) ‘ : . . -l ’. . ) _l,,l';‘:

. , ' s ‘ ‘A"i'.::' ‘ l‘l,,

e b l""-}, e "“," S l"\‘ . ¢ I "", N . . “‘!’-"::,b“;
.,somewhat hke tl’llS l’Two washefs, 10 spaces e ey . oL N

- mmmnmbmmwmwmm4wmﬁ_-;H;‘ﬁ‘,234567egmummwmmnmwmmnnﬂﬁnnumwyaﬁ
%onewasher léspacesfromthenall” T L R O

SRR need to Simplify this notation maylead | SRR [ R

ot some thing on this order: R , . IR

| 2@10balancesl@4’andl@16 e L e g o

. which can be further refined to\ o S ' DR

‘2@.10 = 1'@-41 +,1‘@16‘. Ca “f,;}b oo ‘ ‘ )

CoXW = 1x4 41Xl e R TP

. | " The final version 1s not only a shortehy i ~ e "
L form but alsoarnore sophqstlca ted w%of e ' | ,'%)‘_
) 6’.'4"*}" ' ‘“T- RaN

descrlbmg the balancmg amangement, fthe - o |
S Clllld has come thll Eair, he has begun to have o e B BRI 0 98 16
o 1deaofanumeru:alconnechon betWeen B A

B

distances and nunfbersof weshes. {0 . _
Itis mportant however that each Chlld s . @» : Co
be allowed to am\{e at his own form of RS S 5 L RN l.f 2 3, 8 e }-'79." 8

notatlonl el | R A e e
b ' The niimbers sh'ouldf}; e used for expressmg‘ ' SEE | - ‘ o

_l\l,j'well understood physw [ situations. ln51stance ot i S
v on abstmct nolalxon ca' lead to meanmgless . Toq s "‘_ lj‘ B0 8T 6 4, 3. 2t 0"5,.:'_.

.._‘,\I.|.|‘l|'|ll_llllllllvl}lllllll‘|...'
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| The numbers the Chlld has put on hlS board
' may serve hinrsiell for describing how many -

""“ ; , ’ \
v P ! . 4 : 'vh M
One gitl even numbered hers usmg Roman L
numerals o ‘
o B lf' e '
[EBEIRIS IR 3038 00 0005 0 06 18 42 26

' J .,.‘. o Yo
[ T ST R T R T R T N SRR R N L B B IRV B

. Asachild better understands.the balancing
relations of distances and numbers of washers,
a fulerim-centeted system of numbering may *
appeal to himmore. Stil, children who count *
in from the ends can often show that their
- "system allows’ them to predict For 1nstance,
for symmetncal arrangements— '

P et o * 8- 0 cl. L] l“'ah ] _l“*-_- .4. L T Y I )

'l.b. I'S‘lf.ﬁw. l.zuq ‘" hoogll?nz [] |6;:|§ r?

0,, . z'a 48 b1 89

P I I ? [ Il céc q .y _u,Yo_‘J@;c,_u_l.s [

. r, ' ’ y L . N

21n3 plus 1|n6 balances 21n3 pIus l|n6

» -pxn nxn ‘ axn amn i
) ' e . e

: “For non- ,symmetncal cases, the system Is not

%

washers he has, and at which posmons, but
if he w1shes to make predlctlons or mathe-

oo ‘matlcal stategnents, he must devise some
o system that will allow him-to describe the two

sides of the board in terms that sxmphfy the .
mathematncs j LY

. Tt is esséntial that the children devise: these _
methods themselves, and theirown choice

* " of a method and, ]usnﬁcatlon or Hheir prefer- .
- ence are more important than the selection

of a single “best” way to do if. Later on;

* they willfind it helpful to agree on 2’
common method of numberlng for use in -
“dlass dlsscussxons

Keep the 1/4" tape avehlable in case a CHlld '

- wishes to change to a different system for
*his board, His first method may have proved ~
‘.unsahsfactory to him, ot hie may wantto .
. number the board for Special purpose, such
25 some off- center expenments |
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. Problem Cards -

After:about five or six sessions, youmay.

“decide that the childten are ready for some-

 thing new and introduce the Problem Cards.
" Most teachers simply choose a location for the
cards, and-by way of mtroducnon tell the

class that the cards offer new thmgs to’ thmk

about, The sixty-three cards are grouped. .
under headnngs that correspond to sections of
this Guide. [ some cases, there are sequences

 of cards that give a progression of problems .
" on a particular topic. They are numbered for
. aeference only, and their pumbers appear at -
the beginning of the appropriate section, but," -
“in general, the cards need not be arrariged in .

any special order.

- The choice of whether or not o do any

‘part;cular card or-cafds (or any cards atalljis
 usually left up.to the child, but those who + =~
choose to try the cards should be dlscouraged e

from competing to complete ‘the most” 0

“"'the hardest” cards. .

You will find it helpful if you lake a httle

 time to become familiar with the types of : |
“cards in each of the dlfferent categories. Then c
" you can easily choose one to help a child .
. pursue the path he has begun or tb?uggest
. anew activity to a child who wants some

| thmg different to fy.

v

- The ﬁrst three cards were wrntten by

‘, chlldren in trial classes. Your students my
want to try them. You might keep a supply -
~of blank cards available for those who wish

to write their own cards; Children usually

" “enjoy trying problems made up by thelr 3
friends. - ‘

t

e

¥
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22 1 Background for Continuing Investigaions

A

"~ work through his own balancing pro}blem

T e - i ) - 7.5 - . t s .
- . . r: o L A B X . .
- B . A . voE . - R - - - - LI > -
- - . . . . ) . N L. . R . ..

SRR

The bdglnmng activifie already described

" open the way for a great variety of furtfier
. activities, Many suth activities are discussed -
" here. They are not intended to be done in-
" sequence, nor should any one student or class -
| ‘mecessarily do themall. - |

* When you have ttme, or when apartrcular

- related problem has come up, set up.yout
board and work through one of lhese chapters ;
. Gorng through a problein on your own will

enable.you to guide-a child who is trying to

T
s ..‘.‘

Moving, Plhng Up, and Spreadmg Out

Thrs lS a collectronro srmple problems, al

W A easrlv accessrble to chlldren and all mvolvmg -
5 contral ideas of balantrng It you are not a.
G balance board expert; you, Ishould read this -
" section wrth a balance and washers at your
" side. Only by settmg up and solving these

problems yourself are you likely to under-

stand them. If you spend some time working -+ " .
‘, with a balance board, youwrll beabletodeal .~ . o

effectively with chrldrensquesbons Now :

. the problems

[

Problem Cards R1-R6

*1. Balance the board, using lvesmgle washers‘
.+ Move one'washer six spaces toward: the -

" fulgrum-Can you rebalance the board by

moving only one washer’ :

2. Start again, this tlme with the board bal

- anced, using two washiers in a prle on one’

side-andethree in a pile on the other side. If
you move the three-pile fourspaces whatdo ~

"~ you have to-do to-rebalance the bosrd? Ty

her examples startmg/wrth piles of washers.

3. Go back to'a pile ol {wo washers balancmg |
~apile of three washefs, lnvesttgate ways of

- .spreadmg out the two- -pile washers that do .

not disturb the balance. What about the three-
pile washers? (These can be spread out by

5 leavrng orie washer in the original posrtmn
o by movrng all three to new posrtrons )

4 The opposrteo spreadmg out prles of

washers is piling, washers up. Balance the

" board with an even n’umbero washers no-
*two at the-samie place. By moving two washers
- atatime, it is passible to reatrange all the -

- washers:into two piles that will balance. Be -
. sure you ¢an do this for any initial arrange- ‘@
_ - ment of washiers. Is it possrble starting with -

an odd number of washers7 (Yes.). Can you
get all the washers into a single prle and
have the board balance’



~In al these problems, there s a bsic sym
metry to the. balance preservrng motions,
and you will find this a help in thinking

" . about possible solutions. One way of looking .\ :

- at the problem is to say-that ever washer
 moved to the right must be balanced by an

. equal move of another washer 1o the left,

- When unequal piles are.involved, the larger

pile doesn't need to be shifted as much, but

" you still move one pile to the right, the other -

to the left Therefis even a right “feel” to the
mpves that préserve balance— try movrng the
o washers with youﬁ eyes. closed

E )

LS

-to any }Jal ncé srtuatron and thrs is drs
cussed in; th next sechon B @

aﬁ\

o
‘

"Pr'edicfiiq_g o Rrohrem Cards 01-010

. The idea of predrctrng is important in

" science, and being asked to predict is fun,

*for thildren. Initially, a prediction is often >
*just a guess. As you gather experience through
" trial and error, you become mote and mqre

. acctirate, Early success in predicting often -
tesults from tr"feel” for balancing, Only much -

later do you become analytical and verbal.
With balancidg, there are innumerable

opportunities for predicting. Given an

amangement of washers on a board, Wil
1t balance? Does thrs, or example balance?

leen a bunch, of washers on an unbalanced
“board, where should you place more washers

~to make it _balance? For instance:




. . Y LN v . . .
L K .
o . :
a - : . ' '
o ' o . &
' : .

"

- Typically, your ability to predict willbe " yill. This can generate good arguments about '+ Starting with a balanced asymmetrical .
initially manipulative, ater conceptual-at balancing principles and, also impottanf, ~ pattem, try to'rearrange the weights into a-
- first in your fingertps (in knowing where to - about representational systems. Did the first - symmetrical pattern, using only symmetrical
-put two washers to balance one, for 1nstance) - group represent on the chalkboard the situa-~ moves. You should be able to do'this in every -
~ and only late trarsferred to your head as 2+ tion they intended? Does everyone agree - . case. Here s an example N
conscious rule. In this situation, understand- * - about what the diagram meéns? S
. ing generally builds from simple casesto ~ There are many ways of analyzing a balance Doegthls balamce?
more complex cases, from balancing sym- . - situation, ranging from a visual or fingertip = ‘
~metrical arrangements to asymmetrical cases, "~ feel for what does and does not balance to.a ST T —T T T
- and on toward a broad generalization. You, *  careful calcuation of the turning forces in-, S ﬂ BT B
asateacher can ask questions and pose ~ volved. The games just described encourage . L g
- problems to helpachlld{md relationships Istudents to look in new ways at balancing -~ (\ /'\ R
© that underle balancing-experiences, but - - situations, Symmetrical patterns of welghts x g’ﬁl — — "" - %
" always your emphasis should be tosteer the are quickly recognized by children as balane- L ﬁL ' |
chlldlntowf)rkmg with the equlpment - ingsituations. In addition, there is the | | : ’
find his answers, - symmetry of the balance-preserving moves' - - ' -
- Here are some predtctmg games children that can be made with pairs of weights. This .~ Yes. (The one-over the fulcrum doesnt affect
can play. I one, achild places washers on . concept of symmetrical moves provndesahnk the balance) R
the board and then specifies the number of '.betweensymmetncal patterns and althose--—~ ~ ¥
. washers someone else must use to balance - * other arrangements that still balance but do Here | P
AT o 0 Hereisanother: .y
the board. The situation can be as snmple OF ot have pattern symmetty (thatis, donot '+~ Sl S
 as complicated as the child wants to‘h'take *have the'same pattemn miroredonboth o
Variations of arrangements of the washers and sides) . oo Does this balance?
of the rules of the game should beencouraged. ~ ... |
‘Another game involves predicting whether - 0 . gm
B : ]

.~ or not a given arrangement will balance. One * - - | | G o |
student sets up the board, holding theend .~ .0 e
soitisnotfree toswing; asecond is asked ts - - o el
predict whether or not the board will balance. > . e o m /\

If the answer is "No," and the prediction is o S ' - .

" right, the first student can ask “What do I

~ have to do to make it balance?”- - e o e a2y /N .

- This game is also-worth playing with larger . - | = oz e A N
' o SR _ | S R | T 7
groups of students using chalkboard dia- o o ﬂ L
grams. Onegroup puts adiagramonthe * = e e L - :
~ board: Will this balance? The other students ) ) o R R
i must decide as a group whether or motit - o TR aYes )
@ - L D ,
28 Backgroundtor Conttnutng l'nvess_ttg"altons;, e S L, ‘
I t ' ' ' \"- ' I:‘ . ' .l ) T L '. : . ! . ' ‘ ﬁ "- 4 -\, ' .



 Does this balance? 5.

- Justasa check, start with an asymmetrical -
. case that-does riot balance, and-try to trans-
" -form it by symmetrical moves into a sym- -
- metrical arrangement that does balance You '
}*wontsucceed IR |
-~ Often, children will use fractions in talkrng
about the bAlance board: two washers out 1/2 -

as far will balance a singlé washer. This i is

s useful way of thrnkrng about cases in whrch S
~ the numbers areéarrly srmple 1W€1ght versus

2wergh 5,1v5.3, L'vs, 4, and even 2 vs. 3.

* This fractional view can be combrned with the

previous,appeal to symmetry. For instance: :

S ,f\even if you are tempted t) share wrth every-

.- Whiles ﬁo-nbt depriv’ej ur students of the
chance to wrestle witt this by-themselves,

.WilL this balance? (Pr‘edict”befnre you rend- on.)

B -
T T D T
e . ‘,:.v
. S =
o ,

This balances, 35 Seen by notmg (l) the sym
- metry of the two single, inner washers and |
(2) the two washers: ‘halfway out vs. the thlrd

* on the left we have (Iwasher @ 1) and (2.
ﬁwashers @2) while 6rj he right (1 washer |

p—— E
l._a, l
)

e (1+2+2)vs (1+4)

Yes A symmetncal move grves you
werghts, 112 as far from the fulcrum .

In wbrking Wifh balancing rnaterials-, use

" of one size of asher simplifies tHe investiga-
~tion of underlying relationships. When equal-"

sized weights are used, both the symn’r’etr’i‘cal
move and the fractional approaches can be.

- described by a distance relationship that many

children discover. Knowing this relationship

. is relatively unimportant; discovering the

underlying regularity is exciting and worth-

@1 and (1 washer @%)

KoeTerees T
-

 single oné all the way out. Or, alternatively, .

again atthe fwo problems on gage 2at:

i wot -
h r)' {w \ Vo L

lt is not easy. to tell ]usl by lookrng

| althOugh you can trans orm the right side -
" togive 3@3 and then note whether the

- tworsides are symmetrical. Compare drstances

s inthe precedrng arrangement:

34303L0+ 1424344
9#10 '
The arrangement WIU»not balance, infact,

you antell Wthh way it willtilt. Did Jou v |

predret correctly’ Now go back: and Iook A

Wt .

' begrnnlng of thrs sectron RN T

. _— ' ) —F —
- IThe-section on off-center boards (see page-33pdiscusses
* how to predict when the board is supported off-center!
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L 0 : Problem Cards B1 85a

ln one trral class chrldren were asked o

. make up problems for their classmates to do

\ZjOne boy, with.2 twinkle i his eye, posed

thi§ 6ne: “Balance the board in, the mrddl

| .put two, washers at one end, and balance the
board wrth ore oni the other side.”

. Several childrentried it and couldn’t do it
Then here was general agreement that it
" couldn't be done (“unless,” as one chtld sard
"you mave the board‘orthe tulcrum”) i
.+, Could you put the two, any place-else and
-‘strll not be able to balance the board with -
. one? Yes, any. place from the end to the half
Yy mark. Atthe halfway point the pair can -
,;I-“be balanced wnh one af the:end on the other
. 'ﬁsrde As you: nlove i pair further in toward, .
" v the genter, you can keep the board balanced .
by moving the single washier in toward the
;,center, too, but twrce as fast

s

’
o .' : \';" |
~ v

S *llﬂ-)lonfp.u"t' ‘two"wash‘ers anyplace here, -

P SVrCTtE SN

S o thrssrde

26 / Background for Conttnuing Investlgatlons

t

\‘1

o for, the board to balance ERERT

At’srmrlar problem is thrs where n you

puta prle of three washers.on the board and
not be able to alance it with-one? Thlnkrng

| ;about problems which cantbe selved cant .
leacl children toward a better understandlng

" of balancing, for Knowing what can t balance *
also tells yow something about what can

\balance For example, here's,one way o think- -
-~ about this problem In order for'the board to
-+ balance, the smgle washer must surely be-out
| .further than the ptle of three. But the farthest
*out the stngle washer can be is at the end of

the board, and then the three washers must,*

be  third of the: way out on the othe,r ide.

xxxxxxx=

T ; jyoh"ban’t‘balanee R
LT the board with one.on.

Any problem,can lead a class.on to unss-
pected and mterestrng trails; perhaps a v

problem-without asolutron has a particula
R quality'o of StI"EtChmg chrldrens imaginations.

See Appendrx Afora descrrptron written by

- the teacher; ftwo exciting classes with fourth
graders, which evolved trom a problem'llke g
"~ "the ones here " ‘ .

o

: 'Thns the ouler two thtrdso that srde rs
- forbidden territory for the pile of three. 75

%

B
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Sometxmesachdd il hangacomphcated - Hoing or"’stnppmg the board by oemovmg, L @"
:*7; "arrangementof washers on the board ex- . Washers,in groups that do balance,each Oth‘?f N

' . L LA 2, o LB ) ] W L]
: ' ’ . ' ’ “": T v :"‘«‘;’. ] ' [ . :
. o R . : . - LT K
g v Jl 3 4 ) ‘C‘ . .“ . X2 -" S e "l‘l , Boo,o® $ )
. s ' . ' 3 R . . W _‘ . . #’ .-’ . .:’ ,. , . . _' ,_.”x‘ ' o ! . E . ;‘,’ ’ X ‘,‘., . .,‘, .
EEPERY YR I ' &7 o
What‘s Balancmg What" o To f1nd out, Whal is wrong, itis gelpful fmst O one on the TlghT a3t .. -
il think i in tqrms of what is nght Qo B : Q'\j- St
R P '°b'em Cards “"“0 “The procéss here s one of mentally u ln* - - -

......

. s
. pecting it f balance only & fo find it does not, ., until the of egdmg washeror@roup o oy
t -”Why ot he soks. The answer is not vg,ashers is found, and then d@mdmg What SR T

B

. (3 .. e 4 ’ .”"",. .
- always simple to figure out, espemally i odo  remedy the error, ol ( Y

L by e
there are manywashers ori the board ! ‘Here |saprptdem a f\“ example & e .. o move ongiof the m@she#‘s fom the pi &le & | 5

._. =y o oFthfee on'the "left across the fuleru to o
* a fi’ * half \gay on thggnght - BT
o '.;,: ; ¢ L + : ;

| n V o iy -!! \

?‘;v oo ‘ d’@"u' .o o

* e B
| What@balancmg what’ Equal numbersof . w . # v T eel

‘ Washers at equal dlstances balance s follows _.‘ S PR

Thesmgle washers, each out3/4 balance ..o fake away somethmg the whole pﬂ¢

 eachother, The palrsof washers halfway out o thee .. o0 " o E

o o L
balangeeacho?'her R A o

o o ! o - -

. i
ﬁ? 3;4"',{11;._“_ A y e T @ N @ N
v o o s e

What's ef? The three washers out 14 n -, ¢ £ o ‘
 the left aren't balanced by anything Nowyou v @ Cn ;
"can think of ways to ‘balance this board R »N ‘
" Add.one or more Washers, for mstance, e
“pile of thrée, 1/4of theway outonlhe U oth theleft washer aL3/ 0
“81“ ST TR & & -
) Fay P . ,," :-) - » oo : l /
" ,r"@ @f TE R T
. -‘.;:' I‘! v o Z ‘ ‘ ‘ | L,
S ‘ ’ . ?'l- ; | -. | . b L o 3 ‘.‘4 e C | e N G l

r “ . ' R e . !
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e 1 o o - PR oo oL ,
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L
‘Note that with different pairings of “what's ll With a board that is wnbalanced, removing - You simply- remove from both sides of the N
 balancing what,” the removal of thesingle . groups'of washers that balance each other 5 boardapalro washers that match eachother -
. washer becomes the obvious solution: - does not alter the unbalanceo fthe board. * - - in distance from the fulcrum, and continue4o
e, o analyzing compllcated arrangements it~ do this as long as you can. Aftér you have

»

> *is often helpful to remove washers that - ‘stripped the board further by takingoff

* left:

A N wonder the board did.n"tvbal‘a‘nce., g

Up to this point;“What's balancing what?”
" has been discussed as a trouble-shooting
'_.itechnique Even more than this, it is an - 4 | . experimentally, even by trial and error. At

- important.way of-thinking about balanced . ey . - some point, however, it can befuntoask
*situations, since it leads children {o'think in " L  children tq mark down on a diagram Where
terms of the fact that two against one in the N | o . they would add, ake away, or moveawasherv
~-proper posmons is as much’”balanced" is . tdhis: : 5 s © - withput upsettmg the unbalance~or the
a mirror-image pairing of washers. - S “ " balance—of the board. Then, after many chil
E o ’ : dren have made their,theoretical predlctlons,
check With the board.

" Another mterestmg puzzle involves off-
center balancmg In these arrangements, some -
washers are balancing each other and some
are balancmg the board. Whlch weightsare
* balancing the board? Whatsbalancmg what .

Initially, puzzleslike these can be attacked -

o : I LS ‘ K . ' ) ‘ . ,l ’ M
Here are more."stripping” proble SN

" balance each other in order to gettoa 51mpler combinations where one washer on the left " n

: ‘,arrangement For.instance, this compllcated ,bala‘nces two on the right, you will have this
“board, which is not balanced, can be simpli- - ‘
fied from this:

LT mthlssetup7 |
St
| T ] , SO T T |
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Well, flrst see which washers are balanclng
each other.

That leaves a single washer. onltbé'left which
is not balanced by another washer it must be
balancxng the off—center board

Here s another problem startmg w1th a
: balanced board and five washers,in the
. middle of the board (washers in the m.%dle

. .. are-like no washers at all in the sense that

' they don’t affect the balance one‘way or the
other) :

. can you . i A . 3 . 0t «
1_.-move the washers twp at a time?
" . 2. keep the board bdlanced after ‘each move?

3. end up “with-two in‘a pile on ene end-

* versus: three in a pile on the,other 51de7 o

=
s
« ik

What is the minimum number of moves you

need to do this? Can you reverse the piles

(sothat the pile of three'is on the left) in
fewer than twice as many moves? .
" This. type of question can be applied to any

~ arrangement of washers. Either the nail ful- .

crum or block fulcrum can be used in worklng

. out the solution. The advantage in using ‘the

block fulcrum is the greater ease with'which ~
the moves can be made. Once children ‘have
discovered the two kinds of symmetrical,
moves that maintain the balance of the board,

;. they sometimes remove the fulcrum completely -
. and work with the pegboard flat on a table.

top, returnlng the board to the fulcrum only

to check an answer.

some further questlons to 1nvestxgate
'1. Weight one end of the board with-
modeling clay. Find the balance point; and‘

- then try again some of these adding and
~ moving questions. What's balancing what?
 What's balaricing the washers? What's '

" balancing the clay?-Is the problem any

* different? Are there any quéstions you solved -

with a symmetrlcal board that you cannot
solve with this asymmetrical board?
2. If you use some heavy washers and some. ,

'lrght ones on the board at the same time,
- what questions can you ask? How do the

possible moves differ from ones involving

~ washers all of the same weight?



. .,Weighing‘ Probtem Catds E1-£8
v One |mportant use to whnch a balance
~ canbe putis weighing things, Indeed, one
~ of the first things some children do with the
balancing equipment is to find out how
 many paper clips a washer aveighs by put-
ting the nail in the center, the washer on-one-
end hole, and the paper clips on the other

o end hole The visual symmetry of the balanced "

3 : v
0/ Background for Continuing Investigations™

bod is probably what convinces children

" that the paper cllps weigh the same as the

.washer. o
The weight of a smll washer in paper -

-~ dips leads to an interesting problem. If you |

" also use a board to find out how many small

- washersa large washer weighs, then by using -
. some arithmetic, you can find out how many -
* paper clips a large washer weighs. To check

your answer, of course, you should actually

* balance a large washer against paper clips. -
- The balance can.be used to weigh fany

ob]ects around the classroom. In'a fifth grade

 one girl went around finding the weight of

each student’s shoes. She kept a chart bf the

. shoe weights, | :
, . Scissors are a convement ltém to try
welghmg

- pretty close'to the guess of 4 3/4,

| Jwasher only partway out on the board,

‘ The best hole tor thlS washer seems to be'ten
“spaces out from the nal. ﬁor example, 10/
. (or 5/8) of

‘the scigsors. - "

'board m the mnth hoIe rom one end 1

Four washers may be too few; five too many.

" The process of weighing ~ indeed, of making
 any measurement ~involves narrowing the
“answer down to somewhere between two

values. Still, we can get closer than between
four and five. A perfectly good thing to do is

*to guess— -say 4 3/4 washers. An altemattve

is to use paper dlips as fractional weights,
Tiwenty paper dips are about right. If you

- have already weighed washers in terms of

. .'paper clips, you know that 32 paper clips

- areequivelent to | washer. This means 20
. paper clips would be 20/32 or 5/8 of a washer. f:.';";

The s smssors, then, weigh about 4 5/8 washers :

- Another approach is to place the fifth - ‘

of the way. ot on he board is t
same s 5/8 o1 a Washer at the end of th
board. Agam thls gu?eSta Wélght ot 45 ‘

Stlll anot her waj tp get ractlonal washer
to use an off:center balance 1 you have



' modelmg clay on the short end to balance the -
board, tfdn there will be 8 holes on one side

of the fulcrum and 24 on the other. Should
you-put.the scissors on the long end or the
* short end of the board in onder to get the
most sensitive weighing? Where should you

place the fulcrum so that every washer added

. on one end will meastire 1/7 of a washers
weight on the other end?"

Try weighing a pnece of paper. Spear it on & -

E paper clip in order tohang it on the board,

 How. many paper chps does the paper welgh7 o

 How many washers?....

* 1 you crumpled the paper up into a ball |
- .would itstill weigh the same? What if you cut
' the paper mto strrps’ g

A somewhat felated problem was worked
"~ on by one sixth grader. He tried balancmg a
washer, hanging at the end of a long string

~ and then balanced it again with fhe string .,

; bunched up in a ball. He was sure there

~ would be 2 difference, He reasoned that when
,’the iasher was closer to the earth, it wou!d
K ,‘,be pulled ‘down harder. Therefore, rising the

“--vf':washer upang hangmgn on the beam should

.:make that side of the beam filt up shghtly

" ‘w
g '-l."

’
+

*This is an example ofa balancmg situation in which the =,

two sides of the board balance each other, but the
 weights on one side do not weigh the same as the
< weights on the other, In many balanced situations, the
;o two SldLS of the balance do not we:gh*the same.

o v

In fact, he and his classmates.couldn't see ény

s
ot

v/

change. His reasoning was right in a sense,

- but fhe effect he expected was much too small

to be seen in the experiment he was domg
Occasionally a washer is missing 2 ‘piece.

and looks like this:

. 2

s Y st -

’ world Why se. washers’ Co -,,‘ .

ltwas probably stamped out too close to the
" edge of the sheet of megal. One child took the
’ opportumty to find out about how much was

missing by welghmg this washer in terms of

paper clips and comparing his answerto the
weight of a whole washer. *

+ . Weighing things it terms of washers o
,‘paper clips may be a litle of a puzzle’to some
 students-at first. They may eag that welghts -

- should be in pounds and ounces—or in

kllogramé and grams i m some parts of the .
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" ounces will. Orxgmally, someone decxde{l

- hxstorrcally‘ have been made. The kilogram

M o
- If this question comes ub in class, the-
followmg may help in any ensuing

dlscussxon s
As units of wenght washars w1ll do about

gverythmg for your purposes that pounds or

P

call the- weight of a certain chunk of mefal a - ¥
pound, made replicas of it (probably using .

a balance) and persuaded other ﬁﬁeople to use

the pound as their unit of weight. Then the -
weights of all Sther thmgs were referred to as

so many pounds. It didn’t.matter what was
uysed as the original standard; it had to be of

a convéhient size, easily reproducible (so a.

' great many people could use it), and relatively

permanent.. Certainly, other-choices for the
standard of weight are possible and,

is the most famllxar one. This is defmed -as

the welght of a specxal chunk of metal kept n.-

Paris, France ,Bothhe pound and the "

. knlogram ‘are about the same size, in theosense"r
- that they'are convenient for expressing the " )
. welghts of everyday objects, objects which " -
"'man can easily lift. For much heavier or
lighter things other units are useful, such as =~ -
.'the tort and the ounce,-which are both defined
in terms of the pound —as amultipleora* =
- fraction of it— so that no-‘new chunk of metal
“is needed.

So.the “washer” as a-unit, of weightis®

_perfectly réspedtable for your class. Fhe
.. washers are of a convenient size and plentiful;

and. they're relatrvely permanent. There are -

. some dxsadvantages though The ‘washers of

one size aren’t ali qulte of the same weight,
and; outside of your classroom, the * ‘washer”’

32 / Background for Contlnulng_Invéstlgations_ oo
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isn’t a’ widely recognized unit. The man at .

- the yat counter would probably give you a
. peculiar lodk if youasked him for 20 washers
of hamburger. If you had washers with. you,

he could weigh ‘the washer in terms of his
units to find out how many pounds a washer

, welghs Then he could calculate how many

- pounds 20 washers weigh and use his scale
“to weigh-out that much meat. ~
'Some children enjoy making a. serles of

wexghts to welgh objects dlrectly i-ounces.

By using’ an punce weight, such as a fishing

. sinker or a square of bakmg chocolate, as a -
standard, they can make- _a-sef of clay lumps °

for welghmg items: of a; pound or less to the

“nearest ounce, using’ an; equal arm balance.
One.solution is. to make 16 mdxyxdual ounce v
] elghts This, of course, uses 16 ounces of
‘clay and means makmglﬁ different ‘preces.

~'An interesting challenge related to making’
that set of weights is to ask how few separate
.pieces are needed: If. .you use more than 16
ounces of clay, it is possible to “fnake- all
wenghmgs with only four separate clay lumps

If you restrict the amount of clay to 16 ounces, -
five are necessary. What is the wexght of each’
“of those lumps? . . B
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%07 % Off-center Boards ¥
' C P Problem Cards M1 -M3
- . _— A ce.ntered balance board is. slmpler, angff-- -

center balance Board-js more’ ‘interesting. One
: ** reason fot lookmg at off-center boards, aside.
Lot S .from their intijnsic. appeal is that many of the.
o ‘3 _ relatlonshlps that work for centered boards
o stlll apply. To. fmd a familiar relationship in
’ ; ‘an unfamiliar. context——to see the sameness in
'apparent dlfference——can be excmng as well
_ o . as mstrucnve ’
Ut .. .. Children’s first off-center balancings w1ll
[ probably be complex ones, achieved by tr1al ‘
and-error: adding washers, shifting the -
~ fulcrum, or both. L
.. For.those who want to find some rules,
> - here'are two off-center problems to ’Q '
investigate: . T
1. Startinig with an off-center b0ard already
. _ balanced, how can you add more washers and
. - still preserve the balance? . -
. 2! How do. you balance the board w1th the
nail off-center in the first pJpce’ ' .
’ “» . Hereisa parttcularly mterestmg case of
L B questlon 1: - ,

Lo

Where do you'llang anether washer to
. rebalance the board? Many chlldren will first-
, o try the end hole on th ong side, which
. \ B would have - . ked had the nail been in the
Baekgruund i'or“.ContInul'ng Investlgatlbdd:l 33
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.+ ‘moves keep it balariced - K

center of the board But it’s not where’ the - 12 each of these cases the sum. of the '
. ends of the: board are’ that matters; it’s where  * dlstances of the washers: equals 12.°

the nail is, and this problem at any stage of a" o Before a general rélationship becomes .

~“’child’s work can help focus his attention on - ev1dent you need- results-for other cases..

~ the lmport_ance of’ measurmg dlstances from’ : IR S,paces nailis © Sum'of washer

] the nail. . ’ o e 6;flcer1.t‘er, .. " distances .
Ty balancmg other combmatlons of e ¢ e v T PR

washers on this'board: 1 vs. 2, 1 vs. 3,2 vs.3, @3 oL 120

.. piles vs. spread-out. There’s a marv lous T S TR S

" similarity hetween'these and the same - e S g .20 2

problents. done on the'Board with the nail in A T = 20

" the center. In both cases the board is ‘balanced
.o begm wrth m one because the nail is in’ ‘
. the center, in the other because some washers
have been added to ‘make it balance. It doesn’t
" matter hoW‘long the board is, what it’s, made -
. “of, or how ‘heavy. the- werghts are (pro /rded
B they are all equai) In each case “the 'same

. Can you predlct for addrtlpnal off- center
Eases’ - Cl s
~ Is there a srmple relatronshlp betweenp
spaces off- center and sum of drstances’ A
graph can be helpful

°

Bl

L4 . .
\‘ e
N 12

4 e

“How you balance an’off- -center board. in. B S R
: the first place is a difficult problerh. O B ' e ' '
" approach is to gather mformatron ‘on specrflc o 30 T s
‘cases. Then, after you have data, you can look - % ah .
for underlymg regularttres that may reveal a 8 25 T
general relationship. . . 8 . Y i
. With the nail three spaces off- center, s 20_" . iy
~ various ways of balancing the board were Re) 1o
E found, always addmg washers only to the “5 15;"' s : »
‘ short srde Ta e g 0 .
oo washer out 12 spaces from the narl f U;) S SR
X 2 @ 6 ' . . A . 5 1 l
Crepamdi@s . o . v 9T
"'::1@7and1@5 IR - el oes T N VR LT 4' T S Y ST B
"»1@51@4 andl-f@?: ' ,1 s 4 5. 6',. : o
: ; . Spaces Nal off—center'
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What you see in. both llte table of data and |
' -the-graph of the same data is that the sum of .

“the washer, spaces is always four times the .
“ail off-center. spaces. Thig,is a nice thing to |

find,-but it is not crucral to an understandmg
. of Balance boards, and you shonld sugges the

problem gmgerly ‘ U

A_:‘t '.' B S
- The.eni-hole pr’bble’r’h n one sixth grade, two
-~ boys. were trymg to.find how many v washers
, th% needed to balagce the board wrth "t
nain the end hole. ‘The teacher had been in-
y another part of the room but became rnvolve@p
“when an argument broke out: the boys had

used all their washers and wgre trying to get

" more from 2. netghbormg group. With twelve
N washers, the board was far from balancéd.
. With twenly more iwashers borrppped rom ;-
other groups,,the board was still not balanced
- By now, the washers, hung in groupaon
o shower-curtam Tings, wer“edraggmg on the o
table, and the boys put a pile of books under r i
the stand’ to elevate the bgard. The teacher - |
_ called everyones attentron to thrs problem

" how many more washets do you think they ll 9
" need to balance the board? Guesses ranged" ., %
" from 12 to hundreds More washprs were | - o
- collected and strung ond length of curd. With -
N “several hundred washers = aver 30 pounds—
- the board was almost horizontal ; . -~ but not
- quite. At this pomt the teacher took hold of
" the cord and pulled down as, hard as he could..
+ Was the boérd horizontal now;-l\lo not quite,
- If you sighted the board against the cinder’ | e
blocks of the classroom wall, the. board and ; o  "What doydu thmk"' asked the teacher T

: the horrzontal seams were not qurte parallel o ”More washers sard the boys B
: . .l ) ! . . . - ,«.rh‘ . . ,?‘ } T W H
RO o - ‘ r @ . e &)
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They were wrong, more washers were never

- going to’make that board horizontal. Two

' -.below : oo e

g ,washers in the end hole, but with the na1l in

N the end*hole to balance ‘the board for varlous o

alternative 1nvest1gatlons that should enable a
student to resolve this problem are descr1bed

I}

One approach focuses attentrdn on puttlng

B

some other hole. Co
. Record the number. of washers needed in

positions of the nail. Here is'a graph of the

- data from one such table

s

' the board. The curve will never quite reach

[t

d
Y
N

ey P :
T T gt T T3

5
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10 15

S_pace_s.Nall of:r’cen{ér L E
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Another approa'ch focuses attention- upon
hanging washers directly under the nail.

.Quppose the board is centered and balanced

with1@3+1@5=1@2+2@ 3. What

. will be the effect of hanging additional

washers directly under the nail?"Next try -

. adding washers under the nail, with a _
" balanced off-center board. One. miore step: put
_the nail in the end hole, hold the board i ina-,
- ‘horizontal posmon, and add: washers beneath
’ _the nail. But first, guess 'what you will feel in '

‘your hand: more push? . . . less push?.
You can understand all thlS mathematically.

G have already seén that one washer will

balance three out 1/2 as far; one out 6 will

. balance three-out 2. The distances add up

here 6=2+2+ 2, which can be written as’
6=6X 1, or 12 out 1/2: 6 =12 X 1/2. Putting

.washers dlrectl){ under the nail, however; is
-zero distance away, and zero times anything.
“still equals only zero. This is why holding the

board horizontal when the nail is in the end “
hole and adding welghls fo the end hote has
no effect. This is why the graph goes towarcls ;

infinity on the vertical axis. This is why the’

boys weré never able to get their board

«horlzontal even Wlth 30 pounds of washers

Why is it, then, that adding washers to the

b 'I"end hole, w1th the nail in the end ‘hole, had

"Slxteen spaces off center” represents the
case in which the nall is in the end hole of

»

the vertlcal line drawn at 16, that is, there is:

. no possrble number of washers that will

» “off-center. o . R

+

_balance. the board when the nail is. 16 spaces

-0
6 /‘.,__Backgroundifor Contigtiing Investigations

v . oy L @ )

_any effect-at all? Check. back with your own
" board, or refer to the picture on page 35.

When the- board, is not horlzontal are the

) _washers hanglng dlrectly under the nall"



~What Ma_k’es _the. Balance Work?
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This section is.intended primarily as source
- material for you, although an’able and '
“interested student might go on to try some of

the inves’igations described here. While
readmg this section, you should have two
balance setups at your side. You.will- also

- need the _plastic strip and the block fulcrum
~with a kmfe -edge top that are mcluded in the

Teacher s th

v

A balance seems like-a simple gaaget. To

-make one, all you need is a stick-of some sort

and a fulcrum. The. pegboard strip balances
easily when the nail is placed in the upper
middle hole; the pegboard also balances easily
across the rounded block: fulcrum. The top of -

“the block fulcrum is cut in a circular grc:

Why go to thé trouble of cutting’ the curve?
Here’s a way to find out:

]

PrbblemCérds §1-87

) Exiénslo'ns /37
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- Included in the Teacher's Kit is a block
fulcrum cut with a triangular’ ‘top, like the
roof of a house. Try balancing a pegboard
str1p on this tulcrum, Will it balance? It seems
as if it 'should be. snmple but it isn’t. No
-matter how careEu]Iy you.try, the balanice is

> always unstable Even.if you get. it balanced .

a slight 'nudge will tip'it over.

. To see why ‘the board ‘will not balance on
-this knife-edge fulcrum, look at a different .
“sitdation. You know that the pegboard  *

balances easily on the nail fulcrum when the

nail is in the top-row ‘middlehole. Havé you
tried balancing the" board with the nail in the
middle-row middle hole? . . . in the bottom-
row middle hole?” When the nail is in the
:bottom row, the board does’ not behave like a
balance. - @

~ If you attach the plastlc str1p to the

pegboard as showp below; you can try’ cases 9
" in which all of the board is beneath the’ point-

of suspen51on By setting up a second board
with the na11 in the. top row middle hole, you

e}
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can compare the behav1or of the two. boards.

© Tty various holes in the plastic strip. What
. happens when you add a single washer to the
end of each board? How many washers are -

needed to make each board tilt-the same
amount? . N .
The- 1mportant property of the board that is
involved in these matters of stability is_its’
“center of grav1ty, a term whose _.meaning

. should become clear to you from its context if

you are not-already familiar with it. For the.

©pegboard, the center of gravity is at its - _
geometric center: in the m1ddIe hoIe of the _
~ middleé row. '

.. The plastic str1p allows you to see what

; happens as the center of grav1ty is moved

further and further below the Fulcrum. A
board will balancé when its center of gravity

- is below the fulcrum; and the further it is

below the fulcrum, the- more stable the
‘balance will be. You saw that-this was true
“when you tried different holes of the plastic

“"< strip. This is‘why the board would not

‘balance on the wood knife-edge: w1th the’
center of gravity of the board above ‘the

fulcrum Sthe board is unstable and will aIWays ‘

tip.one way or the other. . :
_ Yet one look at the curved-block fulcrum
seems to throw this whole theory into a

cocked hat. The board balances nicely on top

of the curved fulcrum, even though the center

_of gravity of the board is above the fulcrum.
You might look carefully at the board
balanced on a curved fulcrum and see if you
.can determine what is making the board"

"stable and compensatmg for the hlgh center :
of. grav1ty : :

To:s¢

* a curve
-upside
base. I

you tilt
return?

The |
their le
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~Now look at the case in which the nail is in

the bottom row. You know that thi$ makes .

*~ the board unstable, once it starts to trlt it flrps
 all the way over.

L horlzontalwwhrch H hard to do wrth the flat

- fulerum = the opposrte siould‘occur: more. - -

board Would stick out to the tight of the..’ °: "
,p(nnt of contact wrth the fulcrum,tand the

. _'unbalanced Eorce would again mave thé’ board

- back toward e horrzontal Al stable balances
- exhrbr thrs rockrng actron caused by

, .order or |t to have o effect, The
.I.se hng up ofares foring. force, whrch opposes - idical line from the ndil’ marks the zero
N srtron When the board is horizontal, the

any trltrng of the beam AR .,
. Now go! baclt and ook again rat the board i ?'t\;'- “ "gboard is equally chstrrbuted on either side
. on;a curved fulcrum Notrce that as. the board Jli’; 'th‘ li"rtu:al lrne but when you trlt the
2 ik there rsarollrnge ect which causes the v ard Qu shrt,more of the bpard. out the
- point of contact between board and fulcrum ., o “bther srde The{ﬁasdhe restorrng force. - S o
- to shift Wlth more of the board out oné Slqeg&*sg%h th '::drscps?’dn hasassumed thafthe 7, | o R
"+ a testoring force results which chuses the . .- AR I W’as tn\ihemrddle hole of thertop fow, . No worider; as the board tlt, it hifts extra

'-?.",Qoard to rock back Thrs efec tnor@’ﬁlan ' X Joce it in: the mrddle row? o b‘oardlabove the nail on the same side of the .
s . vertical as the tilt. In other'words, a tilt

- produces a reinforcing force | in this case -
 instead of a restorrng force.

A A

g i

e ltis Interesting to consider abstract
~drawings, such as the following;

htgh ceuter of gravrty mtlkes the boar
':_ unstgblegl -t - SRR

SWhenl‘he pegboard beam is hangrng onag . Coe e
1% nag lulcrum therg ranosuch rollrrrgshrft " - - B A # m@
) theboa trls vetthere 1sst|llarestorrng s I S AN S

_,;‘force g wdoes this hap'pen7 Well, 1n [R o _‘ e

i sense, the same efEect takespace l%k,ﬁ {'Notrce&hat he shr tof extra board to the - - T T T R
grag.rams‘,wh}ch follow. . éf‘ ,,_I_‘t-'-"'rrght beiteath the nil rsexactly compensated .- o o S P é\ o
A it - forby ashiftof board above thenail tothe . © . F IO

'.\5.7,':-left Thiis why the board s taysinany. .oy You were to burld balances that looked
posmon in whleh you put it- "there is never . xactly like thesgraI}!S they would never
o restorrng forceG 0 balance. In each e the‘abstract drawing
et leaves out the crudial feature that produces 2
SoTea Tt to T restoring force when you'tilt the beam: the -
S R ~curve of the fulcrum in thefirst case, and the -
e .wrdthof the beam rn thesecondcase

R . . . \
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~ Challenging Problems -
These 'problems are intended for those

"students who are particularly aptand are -

- ready. o work on more advanced questrons

on their own, or for students who areso

_captivated that they wapt to continue- workmg

* with balances above an% beyond the rest bf

“the class. Each problem is reproduced:on
 a'student card. Included here, in addition to
the problems is an analysis for the teacher.
These analyses are'somewhat briefer afd
presume more understandrng than do those
~ elsewhere | in this unit.

N

¢

Problem #l B

~ Bolta quarter length strip t to each end ofa

beam, and hang it with the nail in the mrddle
. hole. Decide on your answer to each of these

questions before trying it \on._the.board.

"2, Clamp the arms as extensions of the
board. Spin the board. Where will it
- .stopr ‘ '

‘7.‘

b Leave the arms free Spin the board
Where will it stop7

¢ Clamp the arms'\hhere they stopped

for b. Spin the,rb'oard. Whe_re willit s'top?

d Clamp the arms Sprn the board Where
| wrll it stop’ '

]

e. Which one will rock faster, - i

tis? -

. Anal yois:

This series of questrons should brmg some,

surprises. They are valuablé in that they |
. “present someone with a situation in which his -
* initial intuitions are in‘error, 50 that he
" must deal with his own mistakes and
 inconsistencies. A- careful anaIysrs is srmrlar
to'that grven for Problem # (page 8.

i

b




Problem #2 (Problem #1 is a prereqursrte for
this problem.) ©  +
Bolt a-quarter-fength strip at each end of a -
 beam, and hang the beam with the nail in the o
bottom-row middle hole. For each of the. -~ "+
lollowmg questions, decide what you thmk v
wrll happen before you tyit b .
a {fthe strrps are free to swrng, what wrll .
the beam do? '
b If thestrips are bolted trghtly at rrght B |
B angles to the beam what wrll the beam B
o - o
S Keepmg the strrps trghtly bolted how o
- far do you have to rotate the beam about -
* the nail before it will flop over instead of
rockmg back7 What if the strips are lree |

to swrng’ EE S ‘
Try askmg someone e else these. questrons - .
| whreyou handle the board; if they can't -+~ ., '
 "feel” the answer, they have to thmk all the L
harder S _
Analyszs e 5
(Questronsaandbare answered by the | Q , ‘
Analysrs of l’roblem #, page 43) | '
Questronc e R '.
R
b .o
: l . : l
. 7 ' n dragramsA through G, the rmportant |
. | y | A feature each.time is the comparison of the -
B N A i , A\ , " - distances from the verticalline to the
A BRERNISE ) P ©o v cenferof eachstrip. As the beam is turned
SR D U ‘counterclockwrse,arestorrng orce is set up
o L . o " inevery case except the last two nFandG
“..r LR einforcing force is established, and the
o R ] . am Wil flop on over to posrtronA
SR R, : cor CLT .Extenslons/rﬁ o
| o X Y 7"‘




R S TR T

! A ) " vl - " EREIR
' . ' . g . T SRR IR
s , i ‘ " ' ; . ,' e . T ;

v Problem #3 B The four washers must be balancmg the Problem #4.'5 SR S fur .

Usrng only one pegboard beam, i you“l L * remainder ofthe boatd: 1@ 143 @2 ~ You wrll need a hall length strip ol
" hnd the weight in washers of that beam? - . =1 128 @4 Here 1/ [2B repréents the werght pegboard i addrtron to a regular- length
' Ol CoUse you'can always check ypursel‘ by of the unshaded portion of the bear, actrng board a block fulerim, and some washers. )
~actually werghmg 2 beam on another balance.. ., atthe center of this sectron o i a Balance the board, as shown, with "
- Don't do this until you have figured out how ™ b Amore quantrtatrve approach ‘ o I- len,gth strrp across the beam halfway
" tofind thewerght using only one beam. " }l-_ N I U ;r‘.-‘ j_f-i; ut
" (Some students have worked for several days . - | a
on this problem.) Can you explarn how you.
'.tound your answer’ pee

AT R

AT

An‘alysisr

The werght of the whole beam, B din be

R R et u . l,‘ RN 4“
ST e A Thrs werght out tio units from. the C ' o
DA Mulorum, dsbalanced by the washeis on e Predrct wat il happen rfyou P‘V"t the

':“1‘ AR othersrdebfthe fulcrum 3x2+1x1 Bx2 sirp sothatrtlres along the board. )

K

S e Tryrt L

When the f ulcruln is of center as above, j'.} Y S b Predict what will happen if you start
" the werghto the board becomesafactor Two AR PRI ,,“ with the. strrp near, ‘the endo‘fthé%ard
ways of determrnrng the werght of the board' R R S thh the strip in near thel lcrum

L HEN e 0

-~ explained.in terms of the example a’oove are Lo e e Were you right? .

as follows: . e S e cTry prvotmgexper'lmentswrth the above '

‘_thought of as concentrated atits center S AR f;l» TR 'v-‘;'

w‘*

e
T

6

5

. Symmelry: the two'umts o_tbeam oo . r U amangements., T Ty e
| Mo Balanceeach . 0 o e dTry each of these experrmentswrthabolt -

o TR o rn the beam tor the strrp fo pwoton
'..‘ ’ , _- Y ’ ' g ‘ ‘a - ’ " ’ . . . v % | \
: ‘ . j ; "“‘ ! ; y + | .k‘:" . i ‘. ‘-«;:‘u
b e JREEIR g b
. ‘ T WP . '

d2 / Extenslons e
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Analysrb e

- Many people rnturtrvey eel that prvotrng
the half- length strip-will make a difference -

 when the strip- hangs over ther erid or overlaps
the fuleum. © .

! with & quarter-length strip across each end is
basrcally the same as the situation-with the,

- hlk length strip alone—in both cases, there s i

- symmetry ‘about the center of the strip. Witha
- Quarter- length strip across only one end of the
bl length styip, however, this simple .-
| symmetry no“tonger applies. Jf you pivot -

‘about the center of the half-lengthi strip, the -

batance board w111 not remain in balance.,

Plaéin'g the strrp ona bhltdnes.tnot'change :

the: results "of these pivoting experrments The
'f, ' strrp acts as if all its werght were concentrated
2l the centef, whether the bolt | s there or not. -

SRR
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The srtuatron involving a half- length strnp - a

il

L R
‘a-f;-r- LR e ‘
Problem #5 £ TR ﬂ y
’ o | : A, Y ' s
B AN R .
. v SRR Y o ’
y ¢ AnalySIS , .
‘e;. " . Imagine a vertical line running through the
K o ilrum When: the-board is-tilted, the
 distarice from any weights to the fulcrum is -
S : measured to that line rather than along the
o ' L ‘ SO beam o
Thrs toy man belnces hecaﬂse the werght
on his hands is down s low CONE ‘x
- You, know that=the pegboardns unstable if
you put the nail in the mrddle hole of the,\ 4
.+ bottom row. The balant&mansuggests that .- '
the pegboard would be stablein that srtuatron
if you hung washers down low on long chains
r fpaper clips from each. me Try th,lst it does-: ‘~
ot help. Yet it is possible to make the s :
" balance stable even thoygh the nail is in- the AR
’bot om oW, Can youd 1t7 IR PR
| O T S As youransee in the drawmgs above when o
oy [T R the weights are hung 50 that they can swrng,, f
T e e the drstances remain equal R
i oo BTN T o , S
AT s Y S - "Exten’s_ttins /43H
‘ll %h o SR } ' L 8&, SR h;‘”””’t_



| When the washers are held more rlgldly, 85 |

bya yoke of interlocked paper lips, fhe

distances become ynequal ‘when the foard is

- tilred. This sefs up a restoring, force and
makes the beam stable. W, s <

z‘?.;, e
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Appendlx A [

’An Example of Unexpe‘&ted Happenings
.
The folfowmg teac ter's.account is reprm fed
here for two reasons: it is an example of how N
work with balancing can lead into exciting,
g nplanned investigations, and the classroont

. onte class gs it actually was; |
v Weiere ‘working with a four-foot-long
" balance board and blocks of equal weight,
and I had set a problem which could not be
- solved. "Who can balance the board by
, moving this block?” [ asked.

3 ~diary style of the account provides a pictire of

. Seveah hands went up, and one boy came

upand moved the block out to.the end of the .
* board. 1t il i ot balance 1 ut the bock
back to its orlgmal posmon Several more heﬁd



i ; .J .
rdeas, but no one could make the board
- 'balance by movrng the extreme left block..
| "You ‘needa coupleo moregleet of: board
- out there, don’t you?” 1 asked one boy who -
was trying to balance the block half off the.
" “end of the. board The class laughed, but strll
‘ more put therr hands up jrisisting hey hada *

way A'bo 0y came up and, with a great s smlle l

0f triumph, stood the block up on- end
- "Why did you do that?” [asked. * -,
"To balance the board " was the repl #

. .

, - along the board. i g
Do you thrnk i werghs more starid
:. up’”lasked

Yes," hesald L

1 thrnk‘l said Oh" ;"Whrle l collected
| mysell he continued to 'nove the- uprrght
block arnund fhe board. 2

Do you, Ahink you wergh more standrng up iy &
ot lyrng down7” was my’ next questrOn b

Standlngup," he replred ."7";-5, 4
b, that's int erésting,” andl pauseda #

momerﬁ ”Why”' . L%

" “Because you press down harder when you

are standingup.” Tt T
- "Tsee. Well, you kno%that Wlduld be an’
' 1nterest1ng experiment, When you‘ go home

“you ought.to go into the ba hro“orn and welgh

yousgelt standing up and then lyhlg gown,

and see i you really do wergll rnbre wdrngf.“ﬂ
38'}“.‘3’. "_'.,_,.‘;

- up:" The class laughed as they.‘ 7
.t mlght be like tryr 2o lie: ac'ss

Y,

l mmutes later after we had’balanced the board
by movrng some.of the other blotks..*

) small area t- B
you’re stan m

: ,lollo'w‘;up‘this'p ik

hy proceeded to move: the uprrght blo ‘

-v-trr. .
; Nobody else seemed to be rnfluenced bythrs

; ”l know ‘what you mean "lsald "All that
dead ifeight really makes it hatd”
The’ problem wis'more fascrnatrng thanl. = © %
) had 1magrned twas tiie to settle the.issue. "
the We welghed our: stand up push harder boy
“ of the prevrous class-while he was standrng
l60 pounds Then I placed the plank across the

That o was rrght ina sense. Although
.rs'-the same, Sfanding up or lylnégn

down, yo w{el weight i concentrated-in a-

oles of your'feet= when ‘

p pnd spread out overa brg p'.f

- area when y o

1 class was not o‘ledr "The plank werghs .
3 extra» hey porntedout ‘-t., R

,.n

r"frea'pounas i

P ”l\lahr oesn,trwergh that,muCh .
'Twelve"pouuds *i

'”plank 7(),pounds lwas pleased with b
{farth ully the bathroOm scalesawere

o a'lrttle drsappomted wrth the res
world was fiof 2§ 1magrna we hey:fad' |
, hoped Nowlbrbughl outt ¢ séeond sale
ol andlard th. plank betwéen thetwo, We-
- DR w0uld,repeat the lying- dOWn experlment,,l
"Becgbse he strll wetghp the same because explarned and asked’ what they thought each
'sqstrll jist: the same, person” he expamed b scale yypuld tead e
; ”&el}’lenty ’pounds each ""was the most
| ‘;p%gﬂularranswer ..“ i ; :j;':
i

| rgyure'the board s held up by both
- "’s only rvexpounds Gth” f |
hal thepank" |

B ot .'hQSltvely an@l o 7: °:.‘:',':,v. :
playrng around butt heslyrng doty% asleep, i
lcanE. EERUA




I rerterated and then when he hes down rt

" part of the body, " - o
A The boy who had sard correctly thata .
o person would. wergh the same standing.or

" will be 60-pounds plus only 5  poinds on each

| '.hj'scale mstead of 60 pounds plus 10 pounds as
1 before” The boy nodded in agreetnent.

-Ano her child suggested that one scale

f:‘would read-35 and the other 56 pounds When

L asked why, he explarned that the feet- wergh

" more, 5o 'that scalé would. have the most -
werght Thrs bothered another boy, and he j L
*said the scales would read’ unequally in the.

) "v‘opposrte order because the head i was heaviest..

_ A third boy said each scale would read 50
o -pounds because the stomach was the heavres

lying down again had 2 penetratrng 1nsrght

o . into the situation. "Fach scale wrll read 3
" pounds," he said. |

' Another]umped up, ’No 36’ pounds each

- : ‘r'because of the two extra blocks you are using
R to hold upéthé plank‘” They ;mrled in.
o agreemen

o We decrded to try | the ¢ experiment. We ard
o stand ,bp -push-harder boy down on the”
- plank, and two girls read the dials. We shifted

~ the boy back and forth.to different positions

-+ on the plank, writing on the blackboard the
. “readings of the two scales each time.

Sl

| Scale A )

! o 33 | 38 ‘
S50 0 "
o 39 . i3

"\

I

e ‘Wha tis there hat is the iame about each )

tof readrngs’“ Fasked. “Do you see any.

thrng that doesn't change?” . - R
 Two hands went up eagerly. “Don tsay

"_your answer ye. Let's give everybody 2

chance to figure it out” |

1 went to-the board and rewrote each parr

?vertrcally

T R R
v % B B

“Who sees somethrng the same about each.

- setof numbers?"

Hands began:to pop up all o over the rgom,

| accompanied by gasps s each child suddenly | -
saw the,underlying regularity, Ipornted.to o

one child, and a great t@orus rose from. around
the toghn: .,

o ’They all add up to the same thing”

[ was delrghted that so many children had

* seen the relationship among the pairs of ’
.numbers for themselves, and that they had

the goodyudgment to accept the sums—
71,71, 73, 2~as “all the samé”under*the :
circunistanCes The small differences, caused

- by inaccuracies in the scales or in readrng the . -

dials; didn't keep the children from seerng

the basic relatronshrp

In the class time left we trred the double

- scale expenmentwrth to other studentsas -
: sub]ects Now, we had the students read only
‘one of the scales and then asked themto
o predrctwhat the second scale would read. The
- children had discovered the basic law, and -
~ now-they enjoyed seeing it work. Variations

 were eagerly suggested by the class.

"3

: “Tryr wrth herstandrng up on the plank " |

”Where should she st tand to make both

"+ scales read:the same"’ |
“What if she stands all the way over on one
: ;gsrde of the plank’” :

“What it he sits down? .. kneels do’h
In'the mrddleo Fall this hubbub; light

" suddenly shone in one quiet girls eyes: “Ifs

just like the balance board,” she said.

~ Twasn't sure it was just lik€ a balance
board, but some of the other children

understood. “Yeah,” they said, and late that

' nrghtIalso saw the-connection: “Oh, yeah "
' Iexclarmed to myself . o P

e



R S T
S B
® -
El N . % b - o N .2 But, i the. upward push of f the fulcfum | N
R 0 R T always equal to the wexght oftheboard and. by

 Think of nas an upside down balance -

- board. The person on the plank is like the s .
- 'fulcrum upside down and each scale pushlng L
f *up onthe plank i 1s like a pile of blocks B
" pushing down on the board.

" Wher the plank is "balanced,” the scale
- closest to the person pushes up the hardest
and when the board is balanced, the pile of
" blocks closest to the fulcrum pushes down
,:-_.‘I:the%ardest it must be the bigger, heavier
“pile. | suspett this is the slmxlanty that the
,gxrlsaw o oo BO}’S co b e ‘

.. What about the dxscovery the chxldren made| - R X Wel hf.‘ The end of the class caime too qulckly, the

“inclass—that the readings of the scales always > . ) £ day was'over,.and we had to stop. The -

..~ add up to the total weight of the personi plus. -~~~ '\ investigation during these classes had not '_
the plank? The scales together push up just as P . beenanticipated in advarce, but it followed -
“hard as the person and. plank are pushlng = - S ., naturally from the previous classes and , ~

down e Does this work thesame way for the =~ - provedexciting and rewarding.

0 7.~ balanceboard? The blocks and board are j o
P ER T pushing down, and the fuivummus be o
AR Lo pushmgup e T

1
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CAppendxB

MaJ{mg Balancmg Equrpment |

' A pan balance can easrly be. made from the
* balance-beam assemblﬂt is handy for

weighing or balancing manly items that ant

he hunig by clips. The pans are hung by "

strings and connected to the beam by paper ‘.

clips. Paper or aluminuf pj e pans,” plastic -
freezer containers, of emipty half-pint milk:
cartons can be used for pans. You can hang

 them by threading the string through several
~+ points. around the top edge of the pan, s0 that" n
. dtan swmg freely from the chp An objectto,

~"be weighed can.be put in‘one panand
washers in theother. (Many activities with

“. pan balances are discussed in THE BALANCE

‘B00K* from the Elementary Science Study.)
A dowel hung from a string makes a faitly

* sensitive halance One way of using this is to

* balince the dowel and then han things from
~the two ends by means of strings and chps.’

- ’rHE BALANCE BOOK i avarlable jhm the Webst
* Divison of WGraw Hill Book Comp&iny

Y Appendlx B

Q

: . .
R

o
! t

- 'hang a one-ounce weight at oné end and

make pencrl marks along the dowel to stow,*
the position of the string when the weight on

- the other end s equal to 12 ounce, 1/4 ounce, -

* and other fractional weights; this arrangement -

can be used for werghmg mail or other |

" fraction-of-an-ounce items,

A soda straw balanoe is extremely

sensrtrve Flatten one endo a soda straw

-and 1nsert a machlné screw in the other

"~ Slide your finger under t the straw unti you

. find tie balance point, and: push a needle.
. r.through the straw at this point, Suspend the
g strawon tie ncedle betiveen two glasses, and

"ad]ost the balance by tirning the screw. On

A this alance you can weigh tiny objects, such

as sqiares of graph paper, seeds, eereal or .
,glass beads, - ' SRR
* Building mobites is another actrvrty

- ‘mvolvmg balancing. (For information on -

*this topic see the Elementary Scrence Study
book MOBlLES *)

Another way to use the dowel balance is to
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